Newcastle disease (ND) is one of the most serious diseases affecting the poultry industry. This disease is caused by specific strains of avian paramyxovirus serotype-1 (APMV-1), which belongs to the genus Avulavirus in the family Paramyxoviridae \[[@r11]\]. Depending on the virulence of an isolate, Newcastle disease virus (NDV) can be grouped into lentogenic (low virulence), mesogenic (moderately virulent) and velogenic (virulent) pathotypes. Mesogenic and velogenic strains are "virulent" and have been frequently identified as the causative agents of ND outbreaks worldwide \[[@r11]\].

So far, four major panzootics of ND have been recorded \[[@r11]\]. Among them, the third panzootic was caused by the pigeon paramyxovirus type 1 or pigeon type APMV-1. This virus is considered to originate in the Middle East in the late 1970s \[[@r3], [@r7]\]. By 1981, it reached Europe, and thereafter, the virus rapidly spread throughout the world. Since then, despite various control measures including vaccination, this disease in pigeons remains panzootic \[[@r1], [@r18]\]. In Japan, the first outbreak of this disease in pigeons was observed among racing pigeons in September 1983 \[[@r15]\], and thereafter, the outbreaks of this disease in pigeons have been reported for over three decades.

In this study, to further understand the epidemiology of APMV-1 in pigeons in Japan, we conducted the surveillance of this virus using feces from domestic pigeons collected in 40 prefectures throughout Japan from June 2011 to March 2013. We isolated a new virus from these samples and performed comprehensive phylogenetic analysis based on partial fusion protein gene using previously known Japanese pigeon isolates.

MATERIALS AND METHODS {#s1}
=====================

*Surveillance samples*: Fecal samples were periodically collected from feral pigeons at each prefecture (every two months in principle) in Japan (except for Aomori, Akita, Miyagi, Aichi, Hyogo, Yamaguchi and Ehime). One sample was principally made by pooling the feces of five birds. The collected fecal samples were placed in screw-cap tubes and stored at −80°C until virus isolation.

Each collected sample was suspended at a concentration of approximately 10% in Eagle's minimum essential media containing antibiotics. The suspension was centrifuged, and the supernatant was inoculated into the allantoic cavities of 9--12-day-old specific pathogen free (SPF) chicken embryonated eggs. After inoculation, the eggs were incubated at 37°C for 6 days unless the embryo died. The inoculated eggs were then chilled to 4°C, and the allantoic fluids were harvested and tested for hemagglutination activity (HA). For negative samples, two allantoic fluids were pooled and re-passaged into two new eggs in order to confirm negativity. Identification of APMV-1 was conducted by the conventional hemagglutination-inhibition (HI) assay with APMV-1 specific antiserum.

*Nucleotide sequencing and phylogenetic analysis*: Viral RNA was extracted from the infected allantoic fluids using a commercial kit (QIAamp Viral RNA Mini Kit, QIAGEN, Valencia, CA, U.S.A.) according to the manufacturer's instructions. Reverse transcription, PCR amplification and sequencing were performed as described previously \[[@r9]\]. Briefly, after reverse transcription with SuperScript™ III (Life Technologies, Gaithersburg, MD, U.S.A.) using random 9 mers, PCR was performed to amplify cDNAs using Takara ExTaq (Takara, Tokyo, Japan). For PCR amplification, 35 cycles were performed at 94°C for 30 sec, 50°C for 30 sec and 72°C for 30 sec. The primer sequence and location were as follows: NDV-F2 (4235 5′-TGGAGCCAAACCGCGCACCTGCGG-3′ 4258; and NDV-R2 (5000 5′-GGAGGATGTTGGCAGCAT-3′ 4983. The sequences were numbered according to previously published sequence (GenBank Acc.No.AF309418). The sequences amplified by these primers included the cleavage site of the F protein and the region to construct a phylogenetic tree for genotyping the virus. PCR amplification and sequencing were performed as previously described \[[@r9]\]. A phylogenetic tree was constructed by the neighbor-joining method \[[@r12]\] in MEGA6 \[[@r16]\].

For the comprehensive analysis of APMV-1 in pigeons in Japan, we used the new isolate obtained in this surveillance study and compared it with the Japanese APMV-1 strains isolated from pigeons from 1984 to 2007 ([Table 1](#tbl_001){ref-type="table"}Table 1.APMV-1 strains used in this studyVirusAbbreviationYearGroupF protein cleavage site\
(Position 112−117)APMV1/pigeon/Japan/Ibaraki/84JP/Ibaraki-pg/8419841GRQKR-FAPMV1/pigeon/Japan/Nagano-8/84JP/Nagano-8-pg/8419841GRQKR-FAPMV1/pigeon/Japan/FK-1/84JP/FK-1-pg/8419841GRQKR-FAPMV1/pigeon/Japan/Tochigi/86JP/Tochigi-pg/8619861WRQKR-FAPMV1/pigeon/Japan/Niigata/88JP/Niigata-pg/8819881GRQKR-FAPMV1/pigeon/Japan/Kushiro/91JP/Kushiro-pg/9119911GRQKR-FAPMV1/pigeon/Japan/Tokachi/91JP/Tokachi-pg/9119911GRQKR-FAPMV1/pigeon/Japan/Kumamoto/95JP/Kumamoto-pg/9519951GRQKR-FAPMV1/pigeon/Japan/Tochigi/95JP/Tochigi-pg/9519952RRKKR-FAPMV1/pigeon/Japan/Utsunomiya/95JP/Utsunomiya-pg/9519952RRKKR-FAPMV1/pigeon/Japan/Shiga/96JP/Shiga-pg/9619962RRKKR-FAPMV1/pigeon/Japan/Fukushima/96JP/Fukushima-pg/9619962RRKKR-FAPMV1/pigeon/Japan/Saitama/97JP/Saitama-pg/9719972RRKKR-FAPMV1/pigeon/Japan/Gunma/2000JP/Gunma-pg/200020002RRKKR-FAPMV1/pigeon/Japan/Kumamoto/2001JP/Kumamoto-pg/200120013RRQKR-FAPMV1/pigeon/Japan/Hiroshima/2002JP/Hiroshima-pg/200220023RRQKR-FAPMV1/pigeon/Japan/Mie/2002JP/Mie-pg/200220023RRQKR-FAPMV1/pigeon/Japan/Shizuoka/2002JP/Shizuoka-pg/200220023RRQKR-FAPMV1/pigeon/Japan/Saitama-1/2003JP/Saitama-pg-1/200320033RRQKR-FAPMV1/pigeon/Japan/Saitama-2/2003JP/Saitama-pg-2/200320033RRQKR-FAPMV1/pigeon/Japan/Tokyo/2006JP/Tokyo-pg/200620063RRQKR-FAPMV1/pigeon/Japan/Niigata/2007JP/Niigata-pg/200720073RRQKR-FAPMV1/pigeon/Japan/Kanagawa/2013JP/Kanagawa-pg/201320134RRQKR-F).

*Pathogenicity test using intracerebral pathogenicity index*: We compared the pathogenicity of representative strains of each group by the intracerebral pathogenicity index (ICPI) test according to the Office International des Epizooties (OIE) procedure \[[@r11]\]. Briefly, one-day-old SPF chickens were intra-cerebrally inoculated with 0.05 m*l* of a 1:10 dilution of infective allantoic fluid. The chicks were monitored during an 8-day observation period and scored as normal (score 0), sick or paralyzed (score 1) and dead (score 2). Total scores were determined, and the mean daily scores were calculated to obtain the ICPI.

*Hemagglutination inhibition test*: To understand the differences in antigenicity among pigeon APMV-1 strains, the HI test using four antisera against APMV-1 was performed using representative strains of each group as previously described \[[@r6]\].

RESULTS {#s2}
=======

*Isolation and characterization of the isolate*: A total of 1,021 samples were collected during the study period. One APMV-1 virus was isolated from the sample collected at Kanagawa prefecture (sampling site: Sagamihara city) in February 2013. We designated this isolate as APMV1/pigeon/Japan/Kanagawa/2013 and abbreviated it as JP/Kanagawa-pg/2013. As a result of the direct sequencing of the obtained PCR product, the isolate showed the deduced amino acid sequence ^112^RRQKR-F^117^ at the F0 protein cleavage site, which was identical to a virulent motif ([Table 1](#tbl_001){ref-type="table"}).

*Comprehensive phylogenetic analysis of APMV-1 in pigeons in Japan*: Using phylogenetic analysis based on the F gene including the sequence of the cleavage site, all APMV-1 strains isolated from pigeons including JP/Kanagawa-pg/2013 were clustered into a single genetic lineage, which was termed VIb/1 within genotype VI: this is synonymous with lineage 4b \[[@r1], [@r18]\] ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Phylogenetic tree of the APMV-1 isolates mainly isolated from pigeons based on nucleotide sequences from a portion (nt 47- 420) of the F gene. The horizontal distances are proportional to the minimum number of nucleotide differences required to join nodes and sequences. The new isolate in this surveillance is shown by black rhombus. Japanese NDV strains previously isolated from pigeons are shown by black circle. The viruses that were not isolated from pigeon were shown by white circle. The tree was generated using the neighbor-joining algorithm, and alignments were bootstrapped 1,000 times. Bootstrap values \>70 are shown.). These APMV-1 strains were further subdivided into four subgroups identified over 4 separate timeframes: 1984--1995 (group 1), 1995--2000 (group 2), 2001--2007 (group 3) and the novel subgroup isolated in 2013 (group 4). The group 1 strains were clustered together with the strains belonging to the genetic lineage VIb/1-early European (EU/ea) group \[[@r18]\]. There was at least 98.7% identity at the nucleotide level between the group1 strains.

The group 2 APMV-1 strains were clustered together with the strains belonging to the genetic lineage VIb/1-recent European 1 (EU/re1) group \[[@r18]\]. Among them, the JP/Tochigi-pg/95 strain shares 100% nucleotide identity with a German APMV-1 strain (DE-48/92) \[[@r18]\], which was also isolated from a pigeon. Furthermore, the JP/Shiga-pg/96 strain also shares 100% nucleotide identity with a German strain (DE-57/95) \[[@r18]\], which was also isolated from pigeons. The group 3 APMV-1 strains were clustered together with the strains belonging to the genetic lineage VIb/1-recent European 2 (EU/re2) group \[[@r18]\]. These strains were further subdivided into two groups that were composed of strains in eastern Japan and western Japan, respectively ([Fig. 1](#fig_001){ref-type="fig"}). Interestingly, the phylogenetic analysis indicated that the APMV-1 strains isolated in western Japan (Kumamoto, Hiroshima and Mie) were clustered together with many Chinese strains isolated from pigeons. On the other hand, the APMV-1 strains isolated in eastern Japan (Saitama, Tokyo, Shizuoka and Niigata) were clustered together with the viruses isolated in European countries and the U.A.E. ([Fig. 1](#fig_001){ref-type="fig"}).

The group 4 APMV-1 strain was clustered together with the strains belonging to the genetic lineage VIb/1, a recent European pigeon APMV-1 group mainly prevalent Belgium and Macedonia ([Fig. 1](#fig_001){ref-type="fig"}).

Each group in Japan has specific amino acid motifs at the cleavage site of the F protein, namely, ^112^GRQKR-F^117^(except for one strain) (group 1), ^112^RRKKR-F^117^(group 2), ^112^RRQKR-F^117^(group 3) and ^112^RRQKR-F^117^(group 4), respectively.

*Pathogenicity by the ICPI test*: The ICPI of these strains ranged from 0.8 to 1.1 ([Table 2](#tbl_002){ref-type="table"}Table 2.Results of the ICPI and HI tests among representative APMV-1 strains isolated from pigeonsVirusesGroupICPIAntiserum againstB1/47JP/Sato/30JP/Shizuoka/85JP/Nagano-8-pg/84JP/Kumamoto-pg/9511.1325121024256JP/Tochigi-pg/9521.0645121024256JP/Kumamoto-pg/200131.132512512128JP/Saitama-pg-2/200330.81625651264JP/Kanagawa-pg/201341.13251251264) and were all proven to be pathogenic types, when assessed using criteria of OIE. These indices were slightly lower than that of the first pandemic virus in pigeons isolated during 1983--1984 and suggest that numbers of basal amino acids were not associated with virulence in APMV-1 strains from pigeons as previously reported \[[@r5]\].

*Antigenic analysis by the HI test*: As shown in [Table 2](#tbl_002){ref-type="table"}, no major antigenic differences were observed among these strains.

DISCUSSION {#s3}
==========

Outbreaks of ND in pigeons are still being reported across the world, including Japan \[[@r1]\]. The origin of the panzootic in pigeons, which was defined as the third panzootic, appeared to be from the Middle East during the late 1970s \[[@r3], [@r7]\]. This panzootic peaked during the early 1980s, which lead to a number of outbreaks of this disease in poultry and highlighted the importance of these pigeon-derived viruses in posing a real and continuous threat to the poultry industry \[[@r2], [@r5]\]. In Japan, outbreaks of this disease in pigeons were prevalent in the mid-1980s \[[@r15]\]. Thereafter, these have been sporadic reports of cases and outbreaks of this disease in pigeons. Although surveillance for virus in feral waterfowl has been previously conducted \[[@r10], [@r13], [@r14], [@r19]\], it has not been comprehensively performed in feral pigeons. Previously, Teske *et al*. \[[@r17]\] conducted surveillance for the virus in racing pigeons. In their report, although they could detect viral RNA by real-time PCR assay, the virus was not isolated using embryonated eggs.

In this surveillance study, a single virus was successfully isolated from 1,021 samples during a 2-year period (isolation rate approximately 0.1%). This isolation rate is lower than that (approximately 1%) in migratory waterfowls by our recent report \[[@r10]\]. To our knowledge, this study is the first description of APMV-1 isolation from the feces collected from feral pigeons. This isolate was classified into genotype VI and was clustered only with viruses previously isolated from pigeons, suggesting that they were mainly transmitted among pigeons. To date, this type has mostly been isolated from pigeons in Japan \[[@r8], [@r9]\] and has rarely been isolated from poultry. However, the isolated virus in our study was judged as a virulent type, suggesting that it posed a threat to the poultry industry \[[@r2]\]. Indeed, JP/Kanagawa-pg/2013 isolate was genetically close to virus isolated from chicken in Macedonia ([Fig. 1](#fig_001){ref-type="fig"}).

All Japanese pigeon APMV-1 strains, including isolates in this surveillance study, were clustered into a single genetic lineage, which was termed VIb/1 \[[@r18]\] within genotype VI. These strains were further subdivided into four distinct subgroups (groups 1--4) of lineage VIb/1. Among them, the virus isolated in this surveillance was categorized as group 4, which was different from those previoulsy isolated (groups 1--3). Additionally, each subgroup has specific amino acid motifs at the cleavage site of the F protein. These results suggest the possibility of multiple introduction routes from foreign countries into Japan. For example, the trading of pigeons from foreign countries, such as Belgium, has been continuing every year according to the annual report of the quarantine service of the Ministry of Health, Labour and Welfare of Japan. We speculate that this is one of the introduction routes for pigeon APMV-1 into Japan. To prevent the introduction of pigeon APMV-1 into Japan, it might be necessary to strengthen such quarantine system.

The group 3 strains isolated in western Japan from 2001 to 2002 were genetically related to many Chinese strains \[[@r4]\]. Among them, the W4 isolate has been suggested to be associated with waterfowl migration. This suggested that the virus is introduced from migrating birds. In order to further understand the epidemiology of APMV-1 in Japan and the role of pigeons as a vehicle of transmission, surveillance should be continued over the next few years.
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